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(54) IMAGE DISPLAY DEVICE AND MOTION DETECTION METHOD OF IMAGE DISPLAY DEVICE

(57) Disclosed are an image display device and a
motion detection method of an image display device. The
image display device includes a motion detection unit for
detecting a motion of a user and provides a welcome
feedback to the user in the form of a visual signal, an
audio signal, or both according to whether the motion of
the user is detected or not, thereby drawing attention of
the user or switching a display state to reduce power

consumption of the image display device. The image dis-
play device determines a motion exception event that is
not regarded a user motion on the basis of an overall
change or a local change in pixel value between image
frames, thereby preventing the display panel from being
activated by a non-human-related factor such as a sud-
den change in illuminance or a movement of a periodi-
cally operating object.
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Description

Technical Field

[0001] The present invention relates to an image dis-
play device and a motion detection method of the image
display device. More particularly, the present invention
relates to an image display device having a motion de-
tection function and to a motion detection method of the
image display device.

Background Art

[0002] In general, an image display device displays an
image on a display module, such as a cathode ray tube,
a liquid crystal panel, an electroluminescent panel, a light
emitting diode panel, a plasma display panel, and the like.
[0003] Recently, image display devices have become
larger and more advanced in functionality. With this trend,
the sizes of display panels of image display devices have
been increased. However, the larger and advanced dis-
play devices have a problem in that power consumption
increases with the size of the display panel.
[0004] To solve this problem, technology development
has been focused on enhancing the performance of a
power saving function. However, there is a limit in power
saving because the size of the display in a display device
is not variable. For this reason, quite recently, an image
display device in which a display size is variable accord-
ing to settings has been proposed and has attracted great
attention as a next generation image display device.
[0005] On the other hand, there is a conventional pow-
er saving technique in which an image display device is
equipped with a camera module to detect a motion of a
user in front of the image display device. The image dis-
play device switches to a power saving mode when there
is no user motion detected. However, the conventional
technique has a problem in that a sudden change in am-
bient illuminance or a movement of a periodically moving
object is erroneously detected as a motion of a user, re-
sulting in an unexpected activation of the image display
device.

Disclosure

Technical Problem

[0006] An obj ective of the present invention is to pro-
vide an image display device that detects a motion of a
user and outputs at least one of light (i.e., visual signal)
and sound (i.e., audio signal) as welcome feedback. An-
other objective of the present invention is to provide an
image display device capable of detecting a motion of a
user and switching a display panel from a partial view
state to a zero view state. A further objective of the
present invention is to provide a motion detection method
for an image display device, the method being capable
of preventing a sudden change in illuminance or a move-

ment of a periodically moving object which is not a human
being from being recognized as a motion of a user, there-
by preventing erroneous detection of a user motion,
which contributes to power saving.

Technical Solution

[0007] In order to solve the above problems, according
to one exemplary embodiment of the present invention,
there is provided an image display device equipped with
a motion detection unit for detecting a motion of a user.
When a user motion is detected by the motion detection
unit with a display panel being in a zero-view state, alight
emitting unit and/or an audio output unit is controlled to
output light and/or sound as their welcome feedback sig-
nal.
[0008] In order to solve the above problems, according
to one exemplary embodiment of the present invention,
there is provided an image display device equipped with
a motion detection unit for detecting a motion of a user.
When the motion of a user is not detected by the motion
detection unit for a predetermined period of time while a
display panel is in a partial view state, the display panel
is switched from the partial view state to a zero-view state.
[0009] In order to solve the problems occurring in the
related art, according to one exemplary embodiment of
the present invention, there is provided a motion detec-
tion method of an image display device. The method in-
cludes a motion exclusion process of determining wheth-
er it is a motion exclusion condition on the basis of an
overall change, a local change, or both in pixel brightness
value between two temporally adjacent frames each be-
ing composed of a plurality of blocks, thereby preventing
erroneous detection in detecting a motion of a user.

Advantageous Effects

[0010] As described above, the image display device
according to the present invention can draw user’s atten-
tion by outputting light, sound, or both as welcome feed-
back after detecting a user motion. In addition, the image
display device according to the present invention can
save power and maximize space utilization by detecting
a motion of a user and switching a display panel from a
partial view state to a zero view state when no user motion
is detected. In addition, the motion detection method of
the image display device according to the present inven-
tion can prevent erroneous user motion detection by pre-
venting a sudden change in illuminance or a movement
of a periodically moving object from being recognized as
a user motion.

Description of Drawings

[0011]

FIGS. 1 and 2 are schematic views illustrating an
image display device 100 according to one exem-
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plary embodiment of the present invention.
FIG. 3 is a block diagram of the image display device
100 according to one exemplary embodiment of the
present invention.
FIGS. 4 and 5 are schematic views illustrating a wel-
come feedback mode of the image display device
100 according to one exemplary embodiment of the
present invention.
FIG. 6 is a view illustrating a control flow when a
welcome feedback signal is provided according to
the results of a motion detection in the image display
device 100 according to one exemplary embodiment
of the present invention.
FIG. 7 is a view illustrating a control flow when a
display panel is switched from a partial view state to
a zero-view state according to the results of a motion
detection in the image display device 100 according
to one exemplary embodiment of the present inven-
tion.
FIG. 8 is a schematic view illustrating a control flow
when the display panel is switched from the partial
view state to the zero-view state according to the
results of a motion detection in the image display
device 100 according to one exemplary embodiment
of the present invention.
FIG. 9 is a block diagram of a motion detection unit
160 of the image display device 100 according to
one exemplary embodiment of the present invention.
FIG. 10 is a flowchart illustrating a motion detection
method of the image display device 100 according
to one exemplary embodiment of the present inven-
tion.
FIG. 11 is a flowchart illustrating a motion detection
method of the image display device 100 according
to one exemplary embodiment of the present inven-
tion.

Best Mode

[0012] Hereinafter, specific embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.
[0013] The advantages and features of the present in-
vention and the manner of achieving them will become
apparent with reference to the embodiments described
in detail below and the accompanying drawings. The
present invention may, however, be embodied in many
different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that the present invention
will be thorough and complete and will fully convey the
concept of the invention to those skilled in the art. Thus,
the present invention will be defined only by the scope
of the appended claims. Like numbers refer to like ele-
ments throughout the following description herein.
[0014] FIGS. 1 and 2 are schematic views illustrating
an image display device 100 according to one exemplary
embodiment of the present invention, and FIG. 3 is a

block diagram of the image display device 100 according
to one exemplary embodiment of the present invention.
[0015] Referring to FIGS. 1 to 3, the image display de-
vice 100 according to one exemplary embodiment of the
present invention includes a rollable display panel 110,
a drive unit 120, a housing 101, a motion detection unit
160, and a controller 170.
[0016] The display panel 110 is a flexible display panel
110 that is variable in size. That is, the display panel 110
may be accommodated in the housing 101 when it is fully
rolled down and may be stretched out of the housing
when rolled up. The display panel 110 is, for example,
an organic light emitting diode (OLED) panel.
[0017] The derive unit 120 functions to roll up and roll
down the display panel 110. The drive unit 120 may in-
clude a roller (not shown) around which the display panel
110 is to be wound and a motor (not shown) which rotates
the roller.
[0018] FIG. 2 illustrates an example in which the size
of the display panel 110 is changed through operation of
the drive unit 120. FIG. 2A illustrates a zero view state
in which the display panel 110 is fully rolled down, and
FIG. 2B illustrates a partial view state in which the display
panel 110 is partially rolled up. FIG. 2C illustrates a full
view state in which the display panel 110 is entirely rolled
up such that the entire display panel 110 is fully stretched
out of the housing. The image display device 100 accord-
ing to the present invention may offer various function-
alities according to changes in the size of the display
panel 110. In FIG. 2, one partial view state is illustrated.
The image display device 100 may have a plurality of
partial view states which differ in the height of the display
panel 110 according to how much degree the display
panel 110 is rolled up.
[0019] The housing 101 has an internal space for ac-
commodating the display panel 110 when the display
panel 110 is rolled down. The drive unit 120, the motion
detection unit 160, and the controller 170 may installed
in the internal space of the housing 101. The housing
101 is provided with a slit (not shown) through which the
display panel 110 can be rolled into and rolled out of the
housing. The housing 101 may be implemented in any
shape and size if the shape and size allow the display
panel 110 to be received in the housing 101. FIG. 1 illus-
trates an example in which the housing is implemented
in the form of a rectangular shape.
[0020] The housing 101 is provided with a light emitting
unit 130, an audio output unit 140 and an image capturing
unit 150, each of which may be disposed on the front
surface of the housing 101 or on an arbitrary position
while facing forward.
[0021] The light emitting unit 130 is a device for emitting
light and may be configured with light emitting devices
such as light emitting diodes (LEDs). The light emitting
unit 130 may be configured such that a plurality of light
emitting devices is arranged to form predetermined pat-
terns. For example, in FIG. 1, the light emitting unit 130
is configured such that the light emitting devices are lin-
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early arranged. The light emitting unit 130 is one of the
output means for providing a welcome feedback signal.
The welcome feedback refers to visual feedback or audio
feedback provided to a user when the image display de-
vice 100 detects a motion of a user while the image dis-
play device 100 is in the zero view state. The controller
170, which will be described later, may provide visual
feedback with various colors or patterns by controlling
toggles or color changes of the light emitting devices of
the light emitting unit 130 when a motion of a user is
detected. The light emitting unit 130 is disposed toward
the front side of the housing 101 so that a user in front
of the image display device 100 can easily recognize the
welcome feedback. In FIG. 1, the light emitting unit 130
is integrally formed with the front surface of the housing
101. However, the arrangement of the light emitting unit
130 is not limited thereto. That is, the light emitting unit
130 can be disposed at any place if it can face forward
so that a user can easily recognize the welcome feed-
back. For example, the light emitting unit 130 can be dis-
posed on the upper surface or the side surface of the
housing 101.
[0022] The audio output unit 140 may include a speak-
er module to output a sound signal. The audio output unit
140 is one of the output means for providing the welcome
feedback in the form of sound. The controller 170 to be
described later in detail may perform output an audio
signal (i.e., sound) corresponding to welcome feedback
to the audio output unit 140 when a motion of a user is
detected. In this case, the welcome feedback is provided
through the audio output unit 140. In FIG. 1, the audio
output unit 140 is integrally formed on the front surface
of the housing 101. However, the arrangement of the
audio output unit 140 is not limited thereto. For example,
the audio output unit 140 can be disposed on the upper
surface or the side surface of the housing 101 if sound
(i.e., audio signal) can be output toward the front side of
the image display device 100.
[0023] The image capturing unit 150 is a device for
imaging an object existing in front of the image display
device 100. The image capturing unit 150 includes an
imaging element such as a CCD or a CMOS. The image
capturing unit 150 may be disposed on the front surface
of the housing 101 or disposed to face forward. FIG. 1
illustrates an arrangement example in which the image
capturing unit 150 is fixed to the center portion of the front
surface of the housing 101. The image capturing unit 150
is a means for imaging an object in front of the image
display device 100 to detect a motion of a user. Therefore,
the image capturing unit 150 can be disposed on the
upper surface or the side surface of the housing 101 in-
stead of the front surface if it can capture an image of an
object existing in front of the image display device 100.
[0024] The motion detection unit 160 detects a motion
of a user by analyzing two temporally adjacent frames
(i.e., a temporally front frame and a temporally rear frame)
captured by the image capturing unit 150. The motion
detection unit 160 includes an algorithm to process input

frames and detect a motion of a user and a processor
for executing the algorithm
[0025] The controller 170 controls the light emitting unit
130, the audio output unit 140, and the drive unit 120
according to the results of a motion detection performed
by the motion detection unit 160. The controller 170 in-
cludes a control algorithm, a processor for executing the
control algorithm, and a memory in which the control al-
gorithm is stored.
[0026] When the display panel 110 is in the zero view
state, the controller 170 activates the image capturing
unit 150 and the motion detection unit 160 to detect
whether there is a motion of a user. When a motion of a
user is detected by the motion detection unit 160, at least
one of the light emitting unit 130 and the audio output
unit 140 is activated to provide a welcome feedback in
the form of light or sound. As such, when a motion of a
user is detected in the zero-view state of the display panel
110, the image display device 100 draw a user’s attention
by sending a welcome message (i.e., welcome feed-
back). The above-described welcome feedback may be
provided only when a welcome feedback function is set
to ON state.
[0027] The welcome feedback may be provided in var-
ious ways. For example, the controller 170 may output
various forms of welcome feedback by controlling emis-
sion colors, brightness, toggles, dimming, etc. of the plu-
rality of light emitting devices of the light emitting unit
130. In addition, the controller 170 may have a plurality
of welcome feedbacks. The controller 170 may allow the
audio output unit 140 to output a welcome feedback in
various forms such as music, specific sound, and human
voice.
[0028] In the present embodiment, there are two wel-
come feedback modes. For example, in one welcome
feedback mode (first mode), in a case where a device
that is listed in a device connection history record of the
image display device 100 is detected when a user appli-
cation program such as SmartTinkQ is executed, when
a motion of a user is detected, the controller 170 performs
control such that both a visual feedback and an audio
feedback are provided to the user through the light emit-
ting unit 130 and the audio output unit 140, respectively.
In the other welcome feedback mode (second mode), in
a case where a device that is listed in the device connec-
tion history record of the image display device 100 is not
detected when a user application program such as
SmartTinkQ is executed, the controller 170 performs con-
trol such that only a visual feedback is provided to the
user through the light emitting unit 130 That is, in the
present embodiment, there are two feedback modes: a
first mode in which both an audio feedback and a visual
feedback are provided to the user when the device that
has been connected to the image display device is de-
tected through the user application program; and a sec-
ond mode in which only a visual feedback is provided to
the user when the device that has been connected to the
image display device is not detected.
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[0029] FIGS. 4 and 5 are schematic views illustrating
welcome feedback modes of the image display device
100 according to one exemplary embodiment of the
present invention.
[0030] FIG. 4 illustrates a case in which only the visual
welcome feedback is provided through the light emitting
unit 130. While the image display device 100 is in the
zero view state, the light emitting unit 130 remains inac-
tive as illustrated in FIG. 4A. However, when a user mo-
tion is detected, the light emitting unit 130 is toggled from
the left to the right (i.e., activated), thereby providing the
visual welcome feedback as illustrated in FIG. 4B.
[0031] FIG. 5 illustrates a case in which both the visual
feedback and the audio feedback are provided through
the light emitting unit 130 and the audio output unit 140.
While the image display device 100 is in the zero view
state, the light emitting unit 130 and the audio output unit
140 remain inactive. Only when a user motion is detected,
the light emitting unit 130 is toggled from the left to the
right to provide the visual welcome feedback and the au-
dio output unit 140 is activated to provide the audio wel-
come feedback, for example, a bell sound of ’Tirori’ as
shown in FIG. 5B.
[0032] When the welcome feedback is provided once,
the controller 170 disables the image capturing unit 150
and the motion detection unit 160 for a predetermined
period of time or prevents another welcome feedback
from being provided for a predetermined period of time
even though a motion of a user is detected within the
predetermined period of time. For example, when a user
motion is detected and a welcome feedback is thus pro-
vided, the image display device 100 disables the wel-
come feedback function for first 30 seconds such that
another welcome feedback cannot be provided within this
period of time regardless of the detection of another user
motion and then enables the welcome feedback function
after the first 30 seconds pass. That is, after the first 30
seconds pass, another welcome feedback can be pro-
vided according to the results of a motion detection per-
formed by the motion detection unit.
[0033] On the other hand, when the display panel 110
is in the partial view state, the controller 170 activates
the image capturing unit 150 and the motion detection
unit 160 to detect whether there is a user motion. When
a user motion is not detected by the motion detection unit
160 for a predetermined period of time, the controller
controls the drive unit 120 to roll down the display panel
110 so that the display panel 110 is switched from the
partial view state or the full view state to the zero view
state. When the image display device 100 is switched to
the zero view state, the power of the image display device
100 is preferably turned off. That is, since the controller
detects a user motion in the partial view state of the dis-
play panel 110 and switches the display panel 110 to the
zero view state and turns off the power, it is possible to
reduce power consumption when the image display de-
vice 100 is not used.
[0034] The image display device 100 according to an

exemplary embodiment of the present invention may fur-
ther include the image capturing unit 150 and a user-
input interface unit 180.
[0035] The image capturing unit 150 receives and
processes a broadcast signal, or an image signal output
from an external device such as a set-top box, a game
console, a computer, and the like. The image capturing
unit 150 may include a tuner (not illustrated) for process-
ing the broadcast signal and an external device interface
unit (not illustrated) for connection with an external de-
vice. The image signal received by the image capturing
unit 150 is transmitted to the display panel 110 under
control of the controller 170 and displayed on the screen
of the display panel 110.
[0036] The user-input interface unit 180 transmits a
signal (hereinafter, simply referred to as user input) input
by a user to the controller 170 or transmits a signal output
from the controller 170 to a user. The user-input interface
unit may include a module for communication with a re-
mote control to receive the user input.
[0037] A control method of the image display device
100 according to an exemplary embodiment of the
present invention will be described in detail with refer-
ence to FIGS. 5 and 6.
[0038] FIG. 6 is a control flow in which a welcome feed-
back is provided according to a motion detection in the
image display device 100 according to one exemplary
embodiment of the present invention.
[0039] When a display panel 110 is in a zero-view state
(S10), a controller 170 checks whether a welcome feed-
back function is set to ON state (S11). When it is deter-
mined that the welcome feedback function is set to ON
state, the controller 170 activates am image capturing
unit 150 and a motion detection unit 160 so that a user
motion can be detected (S12).
[0040] The controller 170 checks whether a device that
is listed in a connection history record in a user applica-
tion program is detected (S13), and selects one of the
welcome feedback modes according to the results of the
checking.
[0041] When a user motion is detected (S14) after the
device listed in the connection history record in the user
application program is detected (S13), the controller 170
activates an audio output unit 140 and a light emitting
unit 130 so that both of the visual feedback and the audio
feedback can be provided through the light emitting unit
130 and the audio output unit 140, respectively (S16). In
this case, the number of times that the welcome feedback
is provided may be limited to less than a predetermined
value in order to prevent a device operation error attrib-
utable to frequent connections with and disconnections
from the device from occurring. For example, the wel-
come feedback mode in which both the audio feedback
and the visual feedback are provided at the same time
can be performed at most twice a day. After the welcome
feedback mode in which both of the visual feedback and
the audio feedback are provided at the same time is per-
formed twice a day, the controller 170 may activate the
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welcome feedback mode in which only the visual feed-
back is provided through the light emitting unit 130 when
a user motion is detected.
[0042] On the other hand, when a user motion is de-
tected in a state in which none of the devices which are
listed in the connection history record in the user appli-
cation program is detected (S13), the controller 170 ac-
tivates only the light emitting unit 130 to provide only the
visual feedback (S17).
[0043] FIG. 7 is a view illustrating a control flow for a
case in which a display panel is switched from a partial
view state to a zero-view state according to the results
of a motion detection in the image display device 100
according to one exemplary embodiment of the present
invention.
[0044] A controller 170 activates an image capturing
unit 150 and a motion detection unit 160 to detect a user
motion (S21) in the partial view state in which a display
panel 110 is partially rolled up (S20). When there is no
user motion or no user input through a user-input inter-
face unit 180 for a predetermined period of time T1 (S23),
the controller controls the display panel 110 to roll the
display panel 110 down so that the display panel 110 is
switched to the zero view state from the partial view state
(S24). The predetermined period of time T1 may vary
within a range of 3 hours to 5 hours. In this case, the
controller 170 may control the image display device 100
to enter a standby mode (power saving mode).
[0045] On the other hand, when there is no user motion
or no user input through the user-input interface unit 180
for the predetermined period of time T1, the controller
170 may notify the user that the display panel 110 is
switched to the zero view state by displaying a notification
message indicating state switching instead of directly
switching the display panel 110 to the zero view state. In
this case, the user can input a key input to interrupt the
state transition.
[0046] FIG. 8 schematically illustrates a transition from
the partial view state to the zero view state in the image
display device 100 according to an exemplary embodi-
ment of the present invention. When there is no user
motion or no user input for the predetermined period of
time T1, the controller 170 performs control such that the
notification message is displayed on the screen of the
display panel 110 of the image display device 100 as
illustrated in FIG. 8A. After that, when there is no user
input for a predetermined period of time T2, the controller
may perform control such that the display panel 110 is
switched to the zero view state as illustrated in FIG. 8B.
Here, the predetermined period of time T2 may vary, for
example, in a range of 1 minute to 3 minutes.
[0047] Hereinafter, the motion detection unit 160 and
the motion detection method of the image display device
100 according to exemplary embodiments of the present
invention will be described with reference to FIGS. 9 to
11.
[0048] FIG. 9 is a block diagram of a motion detection
unit 160 of the image display device 100 according to

one exemplary embodiment of the present invention. Re-
ferring to FIG. 9, the motion detection unit 160 of the
image display device 100 according to one exemplary
embodiment of the present invention includes a motion
determination unit 161 and a motion exception determi-
nation unit 162.
[0049] The motion determination unit 161 primarily an-
alyzes image frames photographed by the image captur-
ing unit 150 to determine whether there is a user motion.
The motion determination unit 161 may use various mo-
tion detection techniques, such as histogram analysis,
which performs analysis by accumulating changes for
each block between the image frames.
[0050] The motion determination unit 161 divides each
of the input frames into a plurality of blocks, and deter-
mines whether there is a user motion on the basis of a
change (i.e., difference) in pixel brightness of each block
between the image frames that are consecutively input.
[0051] For example, when 12 image frames per sec-
ond are input through the image capturing unit 150 and
each of the image frames is composed of 160∗120 pixels,
the motion determination unit 161 divides each image
frame into 32∗24 blocks each being composed of 5∗5
pixels, and calculates the average of the brightness val-
ues of the pixels within each block.
[0052] For example, assuming that an interest block is
defined as a block disposed at a certain position in an
image frame and a corresponding block is defined as a
block positioned at the same position in another image
frame (i.e., the subsequent image frame), when a change
in pixel brightness value (i.e., change in the average of
the brightness values of the respective pixels) between
the interest block and the corresponding block is equal
to or greater than a predetermined threshold value Th1,
the motion determination unit 161 determines the interest
block as a motion block. Hereinafter, a block that does
not satisfy the requirements to be the motion block will
be referred to as a motionless block. When the number
of the motion blocks in an image frame is n or more, the
motion determination unit 161 determines that there is a
user motion (i.e., user motion has occurred).
[0053] According to another exemplary embodiment,
when an event in which the change in the pixel brightness
value (i.e., the average of the brightness values of the
pixels) is equal to or greater than the predetermined
threshold value Th1 occurs consecutively m or more
times, it is determined that the block may be determined
as a motion block. For example, only when there are m
or more consecutive image frames among which the
change in the pixel brightness value between the blocks
disposed at the same position respectively in the two
consecutive image frames is equal to or greater than the
predetermined threshold value Th1, the blocks are de-
termined as motion blocks.
[0054] Here, the number n and the number m are var-
iable values that can be arbitrary set. The sensitivity of
the motion detection can be adjusted according to the
values of the numbers n and m. The greater the values

9 10 



EP 4 002 063 A1

7

5

10

15

20

25

30

35

40

45

50

55

of the numbers n and m, the higher the sensitivity. When
the number n is set to be within a range of 1 to 3 and the
number m is set to be within a range of 2 to 4, it is con-
firmed that the performance of the motion detection is
improved.
[0055] On the other hand, the predetermined threshold
value Th1 may vary from block to block and may be set
according to Equation 1. 

[0056] In Equation 1, A is the overall average of the
pixel brightness value differences each of which is a
change in pixel brightness value between corresponding
blocks in respective two consecutive image frames, B is
the minimum value of the pixel brightness value differ-
ences, and C represents white or the weight of the bright-
ness of the block.
[0057] In Equation 1, the values A and B vary according
the brightness value of each frame or each block, and
the predetermined threshold value Th1 varies from frame
to frame or from block to block.
[0058] The motion exception determination unit 162
functions to handle a motion exception event. That is,
the motion exception determination unit 162 determines
a sudden change in illuminance or a movement of a pe-
riodically moving object as an exception of motion. The
motion exception determination unit 162 determines
whether there occurs a motion exception event on the
basis of at least one of the overall change and a local
change in the pixel brightness value between two con-
secutive image frames.
[0059] The motion exception determination unit 162 in-
cludes a first motion exception determination unit 162a
for determining a sudden change in illuminance caused
by light from a vehicle or any external device as an ex-
ception of motion. The first motion exception determina-
tion unit 162a determines the case where a change in
the average pixel brightness value between two consec-
utive image frames is equal to or greater than a prede-
termined threshold value Th2 as a motion exception
event. That is, the case is not determined as an event in
which a user motion has occurred. That is, when the dif-
ference in the average pixel brightness value between
two consecutive image frames is greater than or equal
to the predetermined threshold value Th2, the case is
determined to be an event in which the illuminance has
suddenly changed and is thus excluded from detection
of a user motion.
[0060] Here, the predetermined threshold value Th2
may be set to one value in a range of 1 to 64. As the
value of the predetermined threshold value Th2 is in-
creased, the difference value that can be regarded as a
motion exception condition attributable to a sudden
change in the illuminance is increased. Therefore, the

larger the predetermined threshold value Th2, the sen-
sitivity for detection of a motion exception event is low-
ered. The predetermined threshold value Th2 may be
appropriately set while considering the influence of the
illuminance of the space in the image display device 100
is installed. When the predetermined threshold value Th2
is set to a value within a range of 2 to 5, it is confirmed
that it is possible to more easily detect a motion exception
event attributable to a sudden change in the illuminance.
[0061] The motion exception determination unit 162
may include a second motion exception determination
unit 162b to determine the case where the changes in
the average pixel brightness value between every two
consecutive image frames among a plurality of image
frames sequentially input are periodic, as an exception
of motion (i.e., motion exception event) attributable to
periodic movements of an object. The second motion ex-
ception determination unit 162b detects movements of a
periodically moving obj ect (for example, a fan, a clock,
or a moving accessory) disposed around the image dis-
play device 100 and determines the movement as an
exception of motion (i.e., motion exception event).
[0062] The motion detection unit 160 further includes
a register for storing the results of detection of periodic
movements for each of the plurality of blocks. For exam-
ple, when an image frame is divided into 32∗24 blocks,
resisters corresponding to as many as the number of the
blocks are provided.
[0063] The second motion exception determination
unit 162b adds a value of p to the pixel brightness value
of each of the motion blocks and stores the sum in a
corresponding one of the registers. On the other hand,
for each of the motionless blocks, a value of q is added
and then the sum is stored in a corresponding one of the
registers. When the value stored in a certain register
reaches or exceeds a predetermined threshold value
Th3, the block corresponding to the register is regarded
as a motionless block and treated as an exception of
motion when detecting a user motion.
[0064] In the case of blocks corresponding to periodic
movements, the brightness values of the blocks in the
respective frames show periodicity. In order to detect the
blocks corresponding to periodic movements, the weight
of p and the weight of q are applied to each of the blocks
determined to be motion blocks and each of the blocks
determined to be motionless blocks, respectively. The
periodic movement is detected on the basis of the cumu-
lative sum of the values for each block. On the case of
periodic movements, it is often determined that there is
a motion. Therefore, the value of p is set to be consider-
ably greater than the value of q to detect the periodic
movement. When the value of p is set to a value within
a range of 9 to 12, the value of q is set to a value within
a range of -3 to 0, and the predetermined threshold value
Th3 is set to a value within a range of 140 to 160, it was
confirmed that the periodic movement of an object can
be detected with good precision.
[0065] As described above, when the image display
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device 100 according to the present invention detects a
user motion, if a change in illuminance attributable to a
movement of an object (not a human) or a vehicle light
beam is detected, it is not determined as a user motion
but processed as a motion exception event. That is, such
as a case is excluded from motion detection, thereby
preventing erroneous motion detection.
[0066] FIG. 10 is a flowchart illustrating a motion de-
tection method of the image display device 100 according
to one exemplary embodiment of the present invention.
[0067] The motion detection unit 160 sequentially re-
ceives image frames captured by an image capturing unit
150 (S40). In this step, 12 image frames are input per
second. The motion detection unit 160 divides each of
the image frames into a plurality of blocks and calculates
an average value of brightness values of respective pix-
els in each of the blocks (S41).
[0068] Then, the difference in average pixel brightness
value between corresponding blocks within respective
two consecutive image frames is calculated (S42). Next,
it is determined whether the difference in average pixel
brightness value between the corresponding blocks with-
in the respective two consecutive image frames is equal
to or greater than a predetermined threshold value Th1.
When an event in which the difference is equal to or great-
er than the predetermined threshold value Th1 occurs m
or more times (i.e., over m or more consecutive image
frames), the blocks are determined as motion blocks.
Next, it is determined whether the number of the motion
blocks is n or more (S33).
[0069] When the number of the motion blocks is n or
more, it is determined that there is a motion of a user.
When the number of the motion blocks is less than n, it
is determined that there is no motion of a user.
[0070] When the number of the motion blocks is n or
more, the difference in the overall pixel brightness value
between each of the consecutive image frames is calcu-
lated (S34). When the difference in the overall pixel
brightness value between one image frame and the sub-
sequent image frame is equal to or greater than a pre-
determined threshold value Th2, this case is determined
as an exception of motion and is excluded from detection
of a user motion (S35). This corresponds to the function
of the first motion exception processing unit. When the
difference in the overall pixel brightness value between
two consecutive image frames is equal to or greater than
the predetermined threshold value Th2, this case is de-
termined that there is a sudden change in illumination
and is thus excluded from detection of a user motion (i.e.,
the case is determined as a motion exception event).
[0071] On the other hand, when the difference in the
overall pixel brightness value between two consecutive
image frames is less than the predetermined threshold
value Th2, this case is determined that there is a user
motion. In this case, a motion detection signal is output
(S36).
[0072] FIG. 11 is a flowchart illustrating a motion de-
tection method of the image display device 100 according

to one exemplary embodiment of the present invention.
[0073] The motion detection unit 160 receives image
frames captured by the image capturing unit 150 (S40),
divides each of the image frames into a plurality of blocks,
and calculates a pixel brightness value of each block
(S41). Here, the pixel brightness value of each block
means the average of the brightness values of all the
pixels in each block
[0074] The difference in the pixel brightness value of
each block (i.e., the average of the brightness values of
all the pixels in each block) between each of the consec-
utive image frames is calculated (S42). When the differ-
ence is less than a predetermined threshold value Th1,
the block is determined to be a motion block A block that
is not a motion block is referred to as a motionless block
for sake of convenient description). The predetermined
threshold value Th1 may vary from block to block or frame
to frame. The predetermined threshold value Th1 may
be determined according to Equation 1.
[0075] The motion detection unit 160 applies different
weights to the motion blocks and the motionless blocks,
respectively, and the cumulative sum of the pixel bright-
ness values of each block is stored in a corresponding
one of the registers. For example, a value of p is added
to the value stored in a register corresponding to a motion
block, and a value of q is added to the value stored in a
register corresponding to a motionless block (S44).
[0076] When the cumulative sum stored in a resistor
corresponding to a certain block is equal to or greater
than a predetermined threshold Th3, the block is deter-
mined as an exception of motion and is determined to be
a motionless block (S45). This process corresponds to
the function of the second motion exception processing
unit described above. When a certain movement is pe-
riodically detected, this movement is regarded as a pe-
riodic motion of an object. In this case, the motion is de-
termined as an exception of motion.
[0077] On the other hand, it is determined whether the
number of blocks each of which is determined to be a
motion block m or more consecutive times is n or more
in each frame(S46). When the number is less than n, it
is determined that there is no motion of a user in a cor-
responding one of the frames.
[0078] In Step S46, when it is determined that there is
a motion of a user, a difference in overall pixel brightness
value (i.e., the average of brightness values of all the
pixels in one image frame) between the image frame and
the subsequent image frame is calculated (S47). When
the difference in the overall pixel brightness value be-
tween the image frame and the subsequent image frame
is equal to or greater than a predetermined threshold
value Th2 (S48), it is determined that there is no motion
of a user. That is, this case is determined as an exception
of motion detection. On the contrary, when the difference
is less than the predetermined threshold value Th2 (S48),
it is determined that there is a motion of a user, and a
motion detection signal is output (S49).
[0079] As described above, according to the present
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invention, in order to reduce the power consumption of
the image display device 100, a motion of a user existing
in front of the image display device 100 is detected, and
then a welcome feedback is provided to the user or the
image display device is switched to the zero view state.
In addition, during detection of a motion of a user, motion
exception events in which a change in pixel brightness
value attributable to a sudden change in illuminance or
a periodic movement of an object is regarded as an ex-
ception of motion detection are determined. This has an
advantage of preventing unexpected activation of the im-
age display device.
[0080] On the other hand, the operation method of the
image display device 100 according to the present inven-
tion may be implemented in the form of a code that is
stored in a processor-readable recording medium pro-
vided in the image display device 100. Examples of the
processor-readable recording medium include all kinds
of recording devices that can store data that can be read
by a processor. Specific examples of the processor-read-
able recording medium include a ROM, a RAM, a CD-
ROM, a magnetic tape, a floppy disk, an optical data stor-
age device, and the like. The processor-readable record-
ing medium may be implemented in the form of a carrier
wave for transmission of a signal over the Internet. The
processor-readable recording medium may also be dis-
tributed over computer systems connected via a network,
and the code may be stored and executed in the distrib-
uted processor-readable recording medium.
[0081] Although the exemplary embodiments of the
present invention have been described for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions, and substitutions are possible,
without departing from the scope and spirit of the present
invention as defined in the appended claims. It is thus
well known to those skilled in the art that the present
invention is not limited to the exemplary embodiments
disclosed in the detailed description but rather cover var-
ious modifications, additions, substitutions, and equiva-
lents to the exemplary embodiments.

Claims

1. An image display device comprising:

a rollable display panel;
a housing having an internal space to accom-
modate the display panel, a light emitting unit
configured to emit light, an audio output unit con-
figured to output sound, and an image capturing
unit configured to capture an image of an object
in front of the display panel;
a drive unit configured to roll up or down the
display panel;
a motion detection unit configured to detect a
motion of a user by analyzing image frames cap-
tured by the image capturing unit; and

a controller controls at least one of the light emit-
ting unit and the audio output unit such that a
welcome feedback is provided to the user in the
form of as at least one of the light and the sound
when it is determined that there is the motion of
the user detected by the motion detection unit
while the display panel is in a zero view state in
which the entire display panel is rolled down into
the housing.

2. The image display device according to claim 1,
wherein when it is determined that there is no motion
of the user detected by the motion detection unit for
a predetermined period of time in a partial view state
in which the display panel is partially rolled up, the
controller controls the drive unit such that the display
panel is switched from the partial view state to the
zero view state.

3. An image display device comprising:

a rollable display panel;
a drive unit configured to roll up or down the
display panel;
a housing having an internal space to accom-
modate the display panel;
an image capturing unit configured to capture
an image of an object in front of the display pan-
el;
a motion detection unit configured to detect a
motion of a user by analyzing image frames cap-
tured by the image capturing unit; and
a controller configured to control the drive unit
to roll the display panel down so that the display
panel enters into a zero view state in which the
display panel is fully rolled down when it is de-
termined that there is no motion of the user de-
tected by the motion detection unit for a prede-
termined period of time while the display panel
is in a partial view state in which the display panel
is partially rolled up.

4. The image display device according to claim 1 or 3,
wherein the motion detection unit comprises: a mo-
tion determination unit configured to divide each of
the image frames captured by the image capturing
unit into a plurality of blocks, to calculate a change
in pixel brightness value of each of the blocks of the
image frames that are sequentially input, and to de-
termine whether there is a motion of a user on the
basis of the change; and
a motion detection exception determination unit con-
figured to determine whether there is a motion ex-
ception event that is not regarded as the motion of
the user on the basis of an overall change and a local
change in pixel brightness value between each of
the image frames that are consecutively input.
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5. The image display device according to claim 1,
wherein when a device that is listed in a device con-
nection history record is detected and it is deter-
mined by the motion detection unit that there is the
motion of the user while the display panel is in the
zero view state, the controller controls the light emit-
ting unit and the audio output unit to provide the wel-
come feedback in the form of light and sound.

6. The image display device according to claim 1,
wherein the controller controls the light emitting unit
to provide the welcome feedback in a manner that
the light emitting unit outputs a predetermined light
pattern when a device that is listed in a device con-
nection history record is not detected and it is deter-
mined by the motion detection unit that there is the
motion of the user while the display panel is in the
zero view state.

7. The image display device according to any one of
claims 1, 2, 5, and 6, further comprising:

a user-input interface unit configured to receive
a user input,
wherein the controller enables the welcome
feedback to be provided only when a welcome
feedback function is set to ON state via the user-
input interface unit.

8. The image display device according to claim 2 or 3,
further comprising:

a user interface unit configured to receive a user
input,
wherein when the user-input interface unit does
not receive the user input for a predetermined
period of time while the display panel remains
in the partial view state, the controller controls
the drive unit to roll down the display panel so
that the display panel is switched from the partial
view state to the zero view state.

9. The image display device according to claim 8,
wherein when there is no user motion detected by
the motion detection unit for a predetermined period
of time T1 or there is no user input to the user-input
interface unit for the predetermined period of time
T1 while the display panel is in a partial view state
in which the display panel is partially rolled up, the
controller performs control such that a message of
the effect that power will be turned off or that the
display panel will enter the zero view state is dis-
played on the display panel and then activates the
drive unit to roll down the display panel so that the
display panel enters the zero view state.

10. The image display device according to claim 4,
wherein the motion determination unit calculates a

difference in pixel brightness value between corre-
sponding blocks in every two consecutive image
frames, respectively, of the image frames that are
sequentially input, determines the blocks for each of
which the difference is equal to or greater than a first
predetermined threshold value Th1 as motion
blocks, and determines that there is the motion of
the user when the number of the motion blocks in a
certain frame is n or more.

11. The image display device according to claim 4,
wherein the motion determination unit calculates a
difference in pixel brightness value between corre-
sponding blocks in every two consecutive image
frames, respectively, of the image frames that are
sequentially input, determines the blocks for each of
which an event in which the difference is equal to or
greater than a first predetermined threshold value
Th1 consecutively occurs m or more times as motion
blocks, and determines that there is the motion of
the user when the number of the motion blocks in a
certain frame is n or more.

12. The image display device according to claim 11,
wherein the first predetermined threshold value Th1
varies from frame to frame or from block to block.

13. The image display device according to claim 11,
wherein the motion exception determination unit in-
cludes a first motion exception determination unit
that determines a case where a difference in pixel
brightness value between two consecutive image
frames of the image frames is equal to or greater
than a second predetermined threshold value Th2,
as a motion exception event.

14. The image display device according to claim 11,
wherein the motion exception determination unit in-
cludes a second motion exception determination unit
that determines a case where periodicity is found in
differences in pixel brightness value between every
two consecutive image frames of the image frames,
as a motion exception event attributable to periodic
movements of an object.

15. The image display device according to claim 14, fur-
ther comprising:

as many resisters as the number of the blocks
in one image frame of the plurality of image
frames, each resistor being used to store a result
of detection of a periodic movement in a corre-
sponding one of the plurality of blocks,
wherein the second motion exception determi-
nation unit adds a value of p to a pixel value
stored in each of the registers corresponding to
the respective motion blocks and a value of q to
a pixel value stored in each of the registers cor-
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responding to respective motionless blocks and
determines each block for which a cumulative
value stored in a corresponding one of the reg-
isters as a motionless block when the cumulative
value is equal to or greater than a third prede-
termined threshold value Th3.

16. A motion detection method of an image display de-
vice equipped with a processor and an image cap-
turing unit that captures an image frame of a thing
existing in front of the image display device, the
method comprising:

receiving the image frame captured by the im-
age capturing unit;
dividing the image frames into a plurality of
blocks and calculating a pixel brightness value
of each of the plurality of blocks;
calculating a difference in the pixel brightness
value between each block of the plurality of the
blocks in the image frame and a corresponding
block of the plurality of the blocks in a subse-
quent image frame;
determining each of the plurality of blocks as a
motion block when an event in which the differ-
ence is equal to or greater than a first threshold
value Th1 occurs consecutively m or more
times, determining that there is a user motion
when the number of the motion blocks in the
image frame is n or more, and determining that
there is no user motion when the number of the
motion blocks in the image frame is less than n;
calculating a difference in pixel brightness value
between the image frame and the subsequent
image frame when the number of the motion
blocks in the image frame is equal to or greater
than n; and
determining a case where the difference in pixel
brightness value between the image frame and
the subsequent image frame is equal to or great-
er than a second threshold value Th2 as a mo-
tion exception event that is regarded as a state
in which there is no user motion.

17. A motion detection method of an image display de-
vice equipped with a processor and an image cap-
turing unit that captures an image frame of a thing
existing in front of the image display device, the
method comprising:

receiving the image frame captured by the im-
age capturing unit;
dividing the image frames into a plurality of
blocks and calculating a pixel brightness value
of each of the plurality of blocks;
calculating a difference in the pixel brightness
value between each block of the plurality of the
blocks in the image frame and a corresponding

block of the plurality of the blocks in a subse-
quent image frame;
determining each of the blocks as a motion block
or a motionless block, the motion block being a
block where the difference is equal to or greater
than a first threshold value Th1, the motionless
block being a block where the difference is less
than the first threshold value Th1;
adding a value of p to a pixel brightness value
to be stored in a register corresponding to the
motion block and a value of q to a pixel bright-
ness value to be stored in a register correspond-
ing to the motionless block;
determining, a block corresponding to a register
having a cumulative value that is equal to or
greater than a third threshold value Th3, among
the registers, as an exception of motion detec-
tion among the registers, and regarding as a mo-
tionless block;
determining an image frame having n or more
blocks each of which is determined as the mo-
tion block m or more consecutive times as a mo-
tion image frame in which there is a user motion
and determining an image frame having less
than n blocks each of which is determined as
the motion block m or more consecutive times
as a motionless frame in which there is no user
motion;
calculating a difference in pixel brightness value
between an image frame that is determined as
the motion frame and a subsequent image
frame; and
determining a case where the difference in pixel
brightness value between the image frame and
the subsequent image frame is equal to or great-
er than a second threshold value Th2 as a mo-
tion exception event that is regarded as a state
in which there is no user motion.
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